: Time and dose level of ISG annealed and damaged glass characterized by NMR spectroscopy 2.
11 B NMR 11 B MAS NMR spectra were acquired with single pulse excitation of short length (1s, tip angle ~ 10-20°) to ensure quantitatively and with a recycle delay ensuring a full relaxation of the nuclear spins (2s). Typically between 2048 and 8192 scans were accumulated to obtained good signal to noise ratio. Multiple Quantum MAS (MQMAS) spectra were collected using the twopulse RIACT (II) pulse sequence [1] with pulse widths of 4s and 5s, at a RF field of ~150 kHz. Typically 480 transients were accumulated per t1-value with 48 rotor-synchronized t1 increment (20s) and a recycle delay of 0.5s. MQMAS experiments had to be limited in duration as sample spinning out of working hours was not possible.
In order to assess the deconvolution (shown below) of the 11 B MAS NMR spectra into BO3 and BO4 units, Triple Quantum MAS experiments were performed (Fig. S1 ). As standard lineshapes were observed [1] [2] [3] , the deconvolution of the 11 B MAS NMR spectra with four lines (2 BO3 (e.g. 17 and 12 ppm) and 2 BO4 (BO4 surrounded by 4Si (-0.8±1.3 ppm) and by 3Si and 1B (1.5±1.6 ppm) ), widely used in literature, (see Ref. [1] and reference therein) was performed, as shown in Fig. S2 , yielding NMR parameters gathered in Table S2 . To follow the effect of the dose rate on the structure, the sum between the two types of BO4 will be considered as being more relevant. As shown in Fig. S3 , no significant change in the 11 B NMR transverse and longitudinal relaxation times were observed under static (i.e. non spinning sample) conditions, showing that, despite the possible formation of paramagnetic center, relaxation behavior of the nuclei is only slightly modified in this radioactive material. In addition, it was check that absolute area of the spectrum was constant as shown in Fig. S4 so that no loss of signal is observed (invisible signal caused by paramagnetic centers). Variations of the spectrum area shows fluctuations of less than 10% and without trend (decrease or increase) so that we consider that a negligible part of the signal, if any, could be lost. a b Figure S1 : 11 B MQMAS spectrum of (a) the ISG-Cm annealed glass (7 10 16 /g) and (b) the ISG-Cm damaged glass (4.4 10 18 /g). The two types of boron species (e.g. BO3 and BO4) are clearly identified in the 2D map at standard positions in terms of NMR frequencies. Figure S2 : Example of 11 B MAS NMR spectrum analysis using the method described in [1] . NMR parameters are given in table S1. All 11 B MAS NMR spectra have been analyzed with the same NMR parameters (Table S1) Site (1) 17 (1.7) 2.5 (0.1) 0.4 (0.1) BO3 (2) 12 (2.6) 2.7 (0.1) 0.2 (0.1) 
23 Na MAS and MQMAS
23 Na MAS NMR spectra were acquired with single pulse excitation of short length (1s, tip angle ~ 10-20°) to ensure quantitatively and with a recycle delay ensuring a full relaxation of the nuclear spins (0.5s). Typically between 2048 and 8192 scans were accumulated to obtained good signal to noise ratio. Multiple Quantum MAS (MQMAS) spectra were collected using the two-pulse RIACT (II) pulse sequence [1] with pulse widths of 4s and 5s, at a RF field of ~125 kHz. Typically 480 transients were accumulated per t1-value with 40 rotor-synchronized t1 increments (20s) at a recycle delay of 0.5s.
significant change in the 23 Na NMR transverse and longitudinal relaxation times were observed under static (i.e. non spinning sample) conditions. With time, no further variations of the 23 Na MAS NMR spectrum was observed, as shown in Fig. S8 . Figure S5 :
23 Na MAS NMR spectra of (Upper panel) ISG-Cm glasses and (Lower panel) ISG and ISG damaged glasses by Xenon [3] and Gold [4] Irradiation. Dashed line indicates Na peak of hydrated surface species [5] . Spectra are normalized to the same maximum height. Si MAS NMR spectra were acquired using the CPMG pulse sequence with 180° pulse width of 8 s and echo delays of 4ms. Typically 10 echoes were accumulated in 4096 scans with a recycle delay of 2s. No change in lineshape was observed for a longer recycle delay of 20s (256 scans). Echoes were coadded, followed by Gaussian apodization of 100 Hz before Fast Fourier Transform.
29
Si spectra were acquired using a rotor-synchronized Carr-Purcell-Meiboom-Gill (CPMG) echo techniques [6] . The spectra consist of a single broad peak which is due to an overlap of several Si(OSi)n(O -)4-n units, in addition to effects of Si-O-B and Si-O-Al connectivities. Considering the NMR shifts and previous 17 O NMR studies that corroborated low content of non-bridging oxygen for this type of glasses [7, 8] , two types of SiO4 tetrahedra with respectively three and four bridging oxygen atoms, are mainly observed (Fig. S9) . No spectral are modifications observed with self-irradiation time. 29 Si MAS NMR spectra of (Upper panel) ISG-Cm glasses and (Lower panel) ISG and ISG damaged glasses irradiated by Xenon [3] and Gold [4] irradiations. Spectra are normalized to the same maximum height.
5.
27 Al MAS NMR 27 Al MAS NMR spectra were acquired with single pulse excitation of short length (1s, tip angle ~ 10-20°) to ensure quantitatively and with a recycle delay ensuring a full relaxation of the nuclear spins (0.5s). Typically between 2048 and 8192 scans were accumulated to obtained good signal to noise ratio. Multiple Quantum MAS (MQMAS) spectra were collected using the three-pulse Z-filter pulse sequence [1] with pulse widths of 2s and 1s for the first two Triple Quantum pulses (RF field of ~160 kHz), and a third 90° pulse of 2s (RF field 42kHz). Typically 1200 transients were accumulated per t1-value with 40 rotor-synchronized t1 increments (20s) at a recycle delay of 0.25s. 27 Al MAS (Fig. 2) and MQMAS (Fig. S10) were performed on the two references glasses (ISGCm glasses at the beginning if this study) and with time evolution. As confirmed by the MQMAS experiments, the spectra of ISG-Cm Damaged (4.4 10 18 /g) is defined by a single broad peak, here centered at about 60 ppm, and no contribution from higher coordinated species (AlO5 and AlO6) could be observed. The spectra were therefore analyzed using NMR parameter distributions as described in Ref. [1] yielding NMR parameters gathered in Table S4 . As shown in Fig. S11 , no significant change in the 27 Al NMR transverse and longitudinal relaxation times were observed under static (i.e. non spinning sample) conditions. Interestingly, even under static conditions, a significant difference could be observed as well between the two initial glasses (Fig. S12 ). 27 Al static (i.e. non spinning sample) spectra of the ISG-Cm glasses.
